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[57] ABSTRACT 

Apharmaceutical composition for and methods of treatment 
of menstrual disorders, e.g., dysmenorrhea, in a non 
pregnant female, preterm labor, preeclampsia and/or fetal 
groWth retardation in a pregnant female mammal, treatment 
of atherosclerotic vascular disease and hypertension in 
males as Well as females, and for hormone replacement 
therapy in peri- and post-menopausal females, comprising 
administering effective amounts of an endothelin antagonist 
and/or an endothelin synthase inhibitor or both, in combi 
nation With 

a progestin, and/or an estrogen, and/or 

a cyclooxygenase inhibitor, and/or 
a nitric oxide donor and/or nitric oxide substrate, 

to prevent and/or ameliorate said conditions, are disclosed. 
In the method aspects, the endothelin antagonist and/or 
endothelin synthase inhibitor can be administered alone for 
treatment of menstrual disorders, e.g., dysmenorrhea, in a 
non-pregnant female, preterm labor, preeclampsia and/or 
fetal groWth retardation in a pregnant female mammal. 
Further, methods for screening compounds for such treat 
ments are disclosed. 

64 Claims, 3 Drawing Sheets 
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ENDOTHELIN ANTAGONIST AND/OR 
ENDOTHELIN SYNTHASE INHIBITOR IN 
COMBINATION WITH A PROGESTIN, AN 

ESTROGEN, A CYCLOOXYGENASE 
INHIBITOR, OR A NITRIC ACID DONOR OR 

SUBSTRATE 

This application is a continuation-in-part of US. Ser. No. 
08/254,584, ?led Jun. 6, 1994, noW abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to a method for the treatment of 
uterine contractility disorders, such as preterm labor, 
abortion, dysmenorrhea and menstrual disorders and to the 
treatment of preeclampsia With an endothelin antagonist, an 
endothelin synthase inhibitor, or both, alone or further in 
combination With a progesterone or a cyclooxygenase 
inhibitor. In addition, the invention relates to the treatment 
of atherosclerotic vascular disease and hypertension in 
males as Well as females With an endothelin antagonist 
and/or an endothelin synthase inhibitor in combination With 
estrogens and/or progestins, and as a component of hormone 
replacement therapy in peri- and post-menopausal females. 

Preterm labor, and subsequent preterm birth is a major 
problem of perinatology in general. By de?nition, a term 
gestation in human is one that is completed betWeen 38 and 
42 Weeks. HoWever, in approximately 5 to 15% of Women, 
birth occurs prematurely, i.e., before 37 completed Weeks. In 
humans, premature birth is responsible for 75% of infant 
mortality and 50% of long-term neurological handicaps 
(Creasy, 1989). To date, there are no effective methods of 
treatment and prevention for either preterm labor or preterm 
birth. The current use of [3-mimetics in the treatment of 
preterm labor is only of limited value. The meta-analyses of 
the results of controlled trials shoW little or no effect of 
[3-mimetics on the frequency of the respiratory distress 
syndrome or on perinatal mortality (King et al., 1988). 

There is groWing evidence that preterm labor is syndrome 
Which can be induced by a variety of factors. Moreover, 
preterm labor has to be considered a chronic pathological 
condition of the uterus in response to a variety of etiological 
factors. In some clinical situations, decrease in progesterone 
levels or in progesterone action at the receptor level may 
result in preterm labor. In many species, preterm labor can 
be induced With progesterone antagonists (e.g., RU 486, 
onapristone) or progesterone synthase inhibitors (epostane, 
trilostane). There is groWing evidence, hoWever, that intrau 
terine or systemic infections play a key role in the etiology 
and pathogenesis of preterm labor in humans (for revieW see 
Romero et al.). In 20—40% of pre-term labor, there is clinical 
and/or biochemical evidence of the intrauterine infection 
such as hyperthermia, positive bacterial cultures, increase in 
cytokines such as IL-1b, TNFot, IL-8 in the amniotic ?uid 
(Romero et al., 1991, 1992). It is Well established that the 
cytokines are released from uterine macrophages, activated 
lymphocytes and other White blood cells in response to a 
lipopolysaccharide (LPS) Which is a major constituent of 
outer bacterial membrane. The cytokines stimulate in turn 
the release of prostaglandins from the decidual and amnion 
cells Which directly induce uterine contractions leading to 
preterm labor and subsequently to preterm birth. 

Preterm birth associated With intrauterine infection is very 
resistant to conventional treatments ([3-mimetics, 
antibiotics). There is no effective therapy for treatment of 
preterm birth associated With intrauterine infection to date. 

Preeclampsia (toxemia) of pregnancy is characteriZed by 
a triad of hypertension, pathological edema and proteinuria. 
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2 
This disease, Which affects 6 to 10% of all pregnancies, 
represents a signi?cant health problem and is the leading 
cause of fetal groWth retardation, fetal mortality and 
morbidity, premature birth and maternal mortality. The eti 
ology of the disease is largely unknoWn and effective 
therapy is not available. 

Epidemiological data indicate that approximately one half 
of the deaths in economically developed countries are attrib 
utable to a single major cause, viZ., cardiovascular disease, 
including coronary heart disease, stroke and other forms of 
vascular disease (Green, A., Bain, C., 1993). The common 
est and most lethal form of cardiovascular disease is coro 
nary heart disease. In men, there is a continuous increase in 
the prevalence of cardiovascular disease after the age of 
30—40 years. On the other hand, the rate of cardiovascular 
disease, especially coronary heart disease, is relatively loW 
among premenopausal Women but rises sharply With 
increasing age, suggesting that sex steroids (estrogens and 
progesterone) have a protective effect in Women. The 
increased risk of coronary heart disease among Women With 
bilateral oophorectomy further supports the vieW that steroid 
hormones may play a protective role With regard to cardio 
vascular disease. 

Cardiovascular disease can be prevented in postmeno 
pausal Women by hormone replacement therapy (HRT) With 
estrogens. The recently performed meta-analysis of 29 stud 
ies has demonstrated a reduced cardiovascular disease risk 
among estrogen users in 23 of these studies (Stampfer et al., 
1991). There is also experimental evidence from studies in 
monkeys that the development of coronary atherosclerosis 
induced by oophorectomy and diet may be reversed by 
estrogen supplementation (Adams et al., 1992). On the other 
hand, there are no effective methods for the prevention of 
cardiovascular disease in men, since estrogen cannot be used 
because of side-effects. 

The mechanism of the protective effect of female sex 
hormones is not fully understood. An impact on the lipid 
pro?le may be possible. Among postmenopausal Women, 
estrogens reverse the atherogenic changes in lipid pro?le 
Which is associated With early menopause such as the 
increase in LDL-cholesterol and serum triglyceride levels 
and the decrease in HDL-cholesterol. HoWever, neW data 
suggest that both estrogens and progesterone may have a 
direct effect on the blood vessels. The presence of estrogen 
and progesterone receptors in arterial endothelial and 
smooth muscle cells supports the vieW that sex steroids may 
have a direct effect on the blood vessels (Lin et al., 1986). 
It has also been demonstrated that estrogen treatment results 
in the redistribution of arterial estrogen receptors and in the 
increase in arterial progesterone receptors in baboons (Lin et 
al, 1986). Monkey studies suggest that estrogens may pre 
vent ovariectomy-induced atherosclerosis by inhibiting the 
uptake and degradation of LDL in the arterial Wall (Adams 
et al., 1992). The effects of estrogens and/or progesterone on 
arterial tone may also explain some of the bene?cial effects 
of HRT on arterial disease risk. From animal models it is 
knoWn that estrogens increase uterine blood ?oW by regu 
lating the vascular tone (Greiss & Anderson, 1970, Ganger 
et al., 1993). The effects of a sex steroid on the vascular tone 
suggest that sex steroids may play a role in the pathogenesis 
of hypertension. 
The effects of steroids on the vessels can be mediated by 

various locally produced hormones including nitric oxide 
(NO), prostacyclin and endothelin. Both nitric oxide and 
prostacyclin induce vascular relaxation and inhibit platelet 
aggregation. On the other hand, endothelin has a strong 
vasoconstriction effect. Nitric oxide is produced by endot 
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helial cells and is involved in the regulation of vascular tone, 
platelet aggregation, neurotransmission and immune activa 
tion (Furchgott and ZaWadZki, 1980; Moncada, Palmer and 
Higgs, 1991 Nitric oxide, formerly knoWn as EDRF 
(endothelin-derived relaxing factor) (Furchgott and 
ZaWadZki, 1980; Moncada, Palmer and Higgs, 1991 ), is 
synthesized by the oxidative deamination of a guanidino 
nitrogen of L-arginine by at least three different isoforms of 
a ?avin-containing enZyme, nitric oxide synthase (Moncada, 
Palmer and Higgs, 1991). Nitric oxide elevates levels of 
cGMP (1,3,5-cyclic guanosine monophosphate) Within the 
vascular smooth muscle to produce relaxation and to reduce 
blood vessels tone (Moncada, Palmer and Higgs, 1991). 

Preeclampsia is often considered as an acute form of 
atherosclerosis. The spiral arteries that perfuse the intervil 
lous space of normal placenta undergo extensive morpho 
logical changes during normal pregnancy, viZ., a fourfold 
increase in diameter and a loss of their muscular and elastic 
components (Robertson 1986). These changes alloW for an 
approximate tenfold increase in uterine blood ?oW that 
occurs during normal gestation. These changes are absent in 
preeclampsia (Robertson 1986) so that the intramyometrial 
segments of the spiral arteries are unable to dilate. In 
addition, the basal arteries and myometrial segments of 
spiral arteries in the preeclamptic placenta demonstrate 
characteristic lesions Which have been called “acute athero 
sis” (Roberts 1989). In acute atherosis of the preeclampsia 
uterus there is an endothelial cell injury, a focal interruption 
of the basement membrane, platelet deposition lipoid necro 
sis of muscle cells (foam cells), (a result of chronic hypoxia 
and/or cytotoxins), mural thrombi and ?brinoid necrosis 
(Robertson 1967, DeWolf 1980, Roberts 1989), effects very 
similar to those seen in atherosclerotic vascular disease. 

Endothelins are a family of small proteins Which Were 
originally isolated from cultured endothelial cells. Endothe 
lin is a vasoactive peptide composed of 21 amino acid 
residues. Endothelin Was isolated from the culture superna 
tant of the endothelial cells of porcine aortas. Its structure 
Was determined by M. YanagisaWa in 1988. More recently, 
research on the gene coding for endothelin revealed the 
presence of peptides similar to endothelin in structure. 

These peptides are named endothelin-1 (ET-1), 
endothelin-2 (ET-2), and endothelin-3 (ET-3). These 
21-residue peptides are formed from a preproendothelin 
(200 residues) by Way of 38/39-residue intermediate 
(proendothelins). Preproendothelin-1 is cleaved by dibasic 
pair speci?c endoproteases to form proendothelin-1, a 
38-amino acid precursor peptide. Proendothelin-1 is cleaved 

by the action of an “endothelin-converting enZyme” Several endopeptidases, including metalloendopeptidase 

sensitive to phosphoramidon and the endopeptidase-2.4.11 
sensitive to SQ 28 608 are also involved in converting 
proendothelin-1 to form endothelin 1 (Haynes and Webb, 
(1993). 

Peptides of the endothelin family shoW vasopressor activ 
ity in vitro and in vivo. In addition to their effects on 
vascular contractility, ET-1 is one of the most potent stimu 
lators of uterine contractility. In vitro experiments With rat 
and rabbit uterine tissue have demonstrated strong, dose 
dependent uterotonic activity of ET-1. The ET-1 induced 
uterine contractions Were similar to those induced With 
oxytocin and Were inhibited With calcium channel antago 
nists (KoZuka et al., 1989; Calixto & Rae, 1991; Suzuki, 
1991). 

In the rabbit, speci?c immunostaining of ET-1 has been 
observed in the endometrium but not in the myometrium, 
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4 
Whereas the speci?c ET-1 receptors have been found only in 
the myometrium (Maggi et al., 1991). These ?ndings are 
suggestive of a paracrine action of ET-1. These studies also 
indicate that endothelin receptor density on myometrial cells 
is controlled by the steroid hormones (i.e., estrogen stimu 
lates receptor number and progesterone counteracts this 
action). It has been suggested that ET-1 levels in maternal 
plasma increase during labor; hoWever, Mitchell et al. 
(1991) and Romero et al. (1992) have demonstrated that 
ET-1 and ET-2 levels do not increase With labor at term or 
preterm in the absence of infection. 

It has recently been found that ET-1 is produced in 
relatively high amounts in human endometrium, predomi 
nantly in the stromal cells (Economos et al., 1992). The 
highest concentrations of ET-1 in the human endometrium 
have been found at the time of menstruation (Ohbuchi et al., 
1992). Receptors for ET-1, ET-2 and ET-3 have been iden 
ti?ed in the human glandular epithelium and spiral arteries 
(Davenport et al., 1991). The exact mechanism of menstrua 
tion is not fully understood. In the uterus, endothelins are 
degraded by enkephalinases. The enkephalinases 
(membrane metalloendopeptidases, MMEP) catalyZe the 
degradation of small bioactive peptides such as endothelins, 
enkephalins, atrial natriuretic factor, substance P, and others. 
It has been found that the endometrial enkephalinase is a 
progesterone-dependent protein. It correlates With plasma 
progesterone levels, in a highly signi?cant manner 
(MacDonald et al., 1991; Casey et al., 1992). It has been 
suggested that the decrease in endometrial enkephalinase at 
the time of luteolysis together With the increase in the 
synthesis of ET-1 by stromal cells may result in the increase 
in the local concentration of ET-1 and in turn in menstrua 
tion (Casey et al., 1992). Thus, the ET-1/enkephalinase 
system in the endometrium Was suggested to play a role in 
the onset of menstruation in humans (MacDonald et al., 
1991). Since enkephalinases in the uterus seem to be regu 
lated by the steroid hormones, especially progesterone, it is 
possible that enkephalinases in vascular tissues are similarly 
controlled and that during pregnancy, When steroid hormone 
levels are elevated, there is some function of vascular 
enkephalinases to maintain blood ?oW. Therefore, the 
endothelin-mediated mechanisms controlling both the onset 
of labor and menstruation may be similar. 

Five different sequences of endothelin receptors have 
been reported. The receptors from 2 different receptor 
subtypes, A and B, Which can be distinguished by their 
af?nities for the various endothelins. The endothelin A 
receptor (ETA-R) has a greater af?nity for the ET-1 and ET-2 
than for ET-3, While the B-subtype is non-speci?c. 
The cyclo(D-Trp.D-Asp.Pro.D-Val.Leu) Which called 

BQ-123 has ?rst been reported as a selective ETA receptor 
antagonist by K. IshikaWa et al., in 1991 (Proc. 12th Am. 
Peptid- Symp. Abst. P506). The manufacture and the struc 
ture of this antagonist is described in R. A. Atkinson and J. 
P. Pelton, (1992). Biological effects of BQ-123 Were 
reported by K. Nakamichi et al., (1992). 
PD 142 893 is an example for a non-selective ET antago 

nist Which binds to both ETA-R and ETB-R (Warner et al., 
1993). 
Ro 46-2005 is a non-speci?c, non-peptidic, orally active 

ET-antagonist Which efficacy Was demonstrated in various 
animal models (prevention of post-ischemic renal vasocon 
striction in rats, prevention of the decrease in cerebral blood 
?oW after subarachnoid hemorrhage in rats and loWering of 
blood pressure in sodium-depleted squirrel monkeys). Clo 
Zel et al., (1993). 
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Other ET-antagonists include BMS 182847 [5-(dimethyl 
amino)-N-(3,4-dimethyl-5-isoXaZolyl)-1--naphthalene 
sulphonamide], a highly selective ETA orally-active antago 
nist; SB 209670 [(+)-1S,2R,S-3-(2-carboXymethoXy 
4methoXyphenyl)-1-(3,4-methylenedioXyphenyl)-5-(prop 
1-yloXy)indane-2-carboXylic acid; and bosentan, disclosed, 
e.g., in S. A. Douglas et al., (1994). 

SUMMARY OF THE INVENTION 

The present invention provides a method for the preven 
tion and treatment of preterm labor, imminent abortion, 
dysmenorrhea and menstrual disorders (i.e., dysfunctional 
uterine bleeding, menorrhagia, breakthrough bleeding) With 
an endothelin antagonist and/or an endothelin synthase 
(ECE) inhibitor. 

In addition, the invention provides a method in Which a 
progestational agent (progestin), a cyclooXygenase inhibitor 
and/or a nitric oXide (NO) donor and/or NO substrate is used 
in combination With an endothelin antagonist and/or an 
endothelin synthase inhibitor for the prevention and treat 
ment of preterm labor, imminent abortion, dysmenorrhea 
and menstrual disorder (i.e., dysfunctional uterine bleeding, 
menorrhagia, breakthrough bleeding). 

This invention further provides a method for the preven 
tion and treatment of preeclampsia of pregnancy With an 
endothelin antagonist and/or an endothelin synthase inhibi 
tor. 

This invention also provides a method for the prevention 
and treatment of preecpampsia of pregnancy With an endot 
helin antagonist and/or an endothelin synthase inhibitor in 
combination With one or more of a progestin, a cyclooXy 

genase inhibitor, and/or an NO donor and/or NO substrate. 
Still other aspects of the invention provide methods for 

the prevention and treatment of atherosclerotic vascular 
disease and hypertension in males and females With a 
combination of an endothelin antagonist and/or endothelin 
synthase inhibitor With steroid hormones (With an estrogen 
or With a combination of an estrogen and a progestin for 
females; With a progestin for males), and/or With an NO 
donor and/or NO substrate, and optionally With a cyclooXy 
genase inhibitor. 

Yet another object of the invention is to provide hormone 
replacement therapy for peri- and post-menopausal females 
in need of such treatment With a combination of an endot 
helin antagonist and/or endothelin synthase inhibitor With 
steroid hormones (an estrogen or a combination of an 
estrogen and a progestin), and/or With a NO donor and/or 
NO substrate, and, optionally, With a cyclooXygenase inhibi 
tor. 

A further object is the provision of pharmaceutical com 
positions useful in practicing the methods of this invention. 
Upon further study of the speci?cation and appended 

claims, further objects and advantages of this invention Will 
become apparent to those skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various other objects, features and attendant advantages 
of the present invention Will be more fully appreciated as the 
same becomes better understood When considered in con 
junction With the accompanying draWings, Wherein: 

FIG. 1, left side, shoWs the inhibitory effects of the 
endothelin antagonist BQ-123 on preterm deliveries induced 
With the lipopolysaccharide LPS in late pregnant guinea 
pigs. The LPS is a non-speci?c labor-inducing agent Which 
mimics preterm labor associated With an intrauterine infec 
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tion (model of preterm birth). In the LPS-treated group, all 
animals delivered Within 48 hours. Treatment With BQ-123 
resulted in a partial inhibition (60%) of the LPS-induced 
preterm birth and reduced the fetal mortality (to 50%). 

FIG. 1, right side, demonstrates the effects of BQ-123 on 
fetal outcome in guinea pigs. The fetal mortality rate in the 
LPS-treated group Was 100%. Treatment With BQ-123 
reduced the fetal mortality (to 50%). All fetuses delivered at 
term have survived. The general condition of mother ani 
mals treated With BQ-123 plus LPS Was better than those 
treated With LPS alone (subjective assessment of the 

technician). 
FIG. 2 shoWs the effect of BQ-123 on L-NAME (nitric 

oXide synthase inhibitor)-induced hypertension in pregnant 
rats (preeclampsia model). BQ-123 signi?cantly loWered the 
blood pressure (BP) in animals treated With L-NAME com 
pared to rats treated only With L-NAME. 

FIG. 3 shoWs the fetal Weights in control rates and in pups 
delivered folloWing treatment With L-NAME With and With 
out BQ-123. The pup Weight Was signi?cantly smaller after 
L-NAME treatment. HoWever, the pup Weight Was similar to 
control pups in animals treated With L-NAME plus BQ-123. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In a method aspect, this invention relates to a method of 
treating at least one of dysmenorrhea or other menstrual 
problems (e.g., dysfunctional uterine bleeding) in a non 
pregnant female Which comprises administering to a non 
pregnant cycling female manifesting the symptoms thereof 
(a) one or both of an endothelin antagonist and an endothelin 
synthase inhibitor, and, optionally, (b) one or more of a 
progestin and/or a cyclooXygenase inhibitor, and, optionally, 
(c) one or more of a nitric oXide (NO) donor and/or NO 
substrate, in amounts effective to ameliorate the symptoms 
thereof, the amount of the progestational agent administered 
being bioequivalent to 50—300 mg of injected progesterone 
and the amount of the endothelin antagonist, endothelin 
synthase inhibitor or both being effective to block endothelin 
action at the receptor level or inhibit the endothelin 
synthesis, respectively. 

In another method aspect, this invention relates to a 
method of treating preterm labor in a pregnant female Which 
comprises administering to a pregnant female manifesting 
the symptoms thereof, amounts of (a) one or both of an 
endothelin antagonist and/or an endothelin synthase inhibi 
tor to inhibit preterm labor, and (b) optionally, one of a 
progestin and/or a cyclooXygenase inhibitor, and, optionally, 
(c) one or more of a nitric oXide (NO) donor and/or NO 
substrate, the amount of the progestational agent adminis 
tered being bioequivalent to 50—300 mg of injected proges 
terone and the amount of the endothelin antagonist; endot 
helin synthase inhibitor or both being effective to, 
respectively, either raise the blood level of circulating endot 
helin in a pregnant female to Whom the composition is 
administered or to block endothelin receptor, and the amount 
of the cyclooXygenase inhibitor being bioequivalent to 
10—2000 mg/day. 

In another method aspect, this invention relates to a 
method of treating preeclampsia in a pregnant female Which 
comprises administering to a pregnant female manifesting 
the symptoms thereof, amounts of (a) at least one of an 
endothelin antagonist and/or an endothelin synthase inhibi 
tor to prevent preeclampsia, and, optionally, (b) one or more 
of a progestin and/or a cyclooXygenase inhibitor, and, 
optionally, (c) one or more of a nitric oXide (NO) donor 
and/or NO substrate, at dosage ranges as described above. 
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In another method aspect, this invention relates to a 
method of treating or preventing atherosclerotic vascular 
disease Which comprises administering to a male or female 
in need of such treatment, (a) one or both of an endothelin 
antagonist and/or an endothelin synthase inhibitor in com 
bination With (b) one or more of a progestin (for males) 
and/or estrogen (for females), and/or one or more of a nitric 
oXide (NO) donor and/or NO substrate, and, optionally, (c) 
a cyclooXygenase inhibitor, in amounts effective to amelio 
rate the symptoms thereof, the amount of the progestational 
agent administered being bioequivalent to 50—300 mg of 
injected progesterone, the amount of estrogenic agent 
administered being a daily dose bioequivalent to about 1—2 
mg/day of estrogen, and the amount of the endothelin 
antagonist, endothelin synthase inhibitor or both being 
effective to block endothelin action at the receptor level or 
to inhibit endothelin synthesis by at least 20%, respectively. 

In yet another method aspect, this invention relates to a 
method of treating or preventing hypertension Which com 
prises administering to a male or female in need of such 
treatment, (a) one or both of an endothelin antagonist and/or 
an endothelin synthase inhibitor in combination With (b) a 
progestin (for males), and/or estrogen (for females), and/or 
one or more of a nitric oXide (NO) donor and/or NO 
substrate, and, optionally, (c) a cyclooXygenase inhibitor, in 
amounts effective to ameliorate the symptoms thereof, the 
amount of the progestational agent administered being 
bioequivalent to 50—300 mg of injected progesterone, the 
amount of estrogenic agent being a daily dose bioequivalent 
to about 1—2 mg/day of estrogen, and the amount of the 
endothelin antagonist, endothelin synthase inhibitor or both 
being effective to block endothelin action at the receptor 
level or to inhibit the endothelin synthesis by at least 20%, 
respectively. 

In still another method aspect, this invention relates to a 
method of providing hormone replacement therapy to a peri 
or post-menopausal female in need of such treatment, e.g., 
a female Who is, because of disease, surgery or age, not 
producing a sufficient amount of female hormones to main 
tain health or comfort, Which comprises administering (a) 
one or both of an endothelin antagonist andor an endothelin 
synthase inhibitor in combination With (b) a progestin, 
and/or one or more of a nitric oXide (NO) donor and/or NO 
substrate, and, optionally, (c) a cyclooXygenase inhibitor, in 
amounts effective to ameliorate the symptoms thereof, the 
amount of the progestational agent administered being 
bioequivalent to 50—300 mg of injected progesterone, the 
amount of estrogenic agent being a daily dose bioequivalent 
to about 1—2 mg/day of estrogen, and the amount of the 
endothelin antagonist, endothelin synthase inhibitor or both 
being effective to block endothelin action at the receptor 
level or to inhibit the endothelin synthesis by at least 20%, 
respectively. 

In one product aspect, this invention relates to a pharma 
ceutical composition consisting of (a) an endothelin antago 
nist and/or endothelin synthase inhibitor, in combination 
With at least one of (b) a progestin, (c) an estrogen, (d) a 
cyclooXygenase inhibitor, (e) a nitric oXide (NO) donor 
and/or an NO substrate, With the amount of the endot 
helin antagonist being equivalent to that needed to block 
80% of the endothelin receptor; the amount of endothelin 
synthase inhibitor being equivalent to that amount needed to 
loWer blood levels of endothelin by at least 20%, preferably 
50%; the of progestational agent per unit dosage being 
bioequivalent to 50—300 mg of injected progesterone; the 
estrogenic agent per dosage unit being bioequivalent to 
about 1—2 mg/day of estrogen, the cyclooXygenase inhibitor 
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being bioequivalent to 10—2000 mg of aspirin; the NO donor 
being bioequivalent to that amount needed to raise NO at the 
target site by >20%, preferably 50%; and/or the amount of 
NO substrates being bioequivalent to 100—10,000 mg/day of 
L-arginine. 

In another product aspect, this invention relates to a 
pharmaceutical composition consisting of an endothelin 
antagonist and/or endothelin synthase inhibitor, and one or 
both of an estrogen and a progestin, and/or one or more of 

a nitric oXide (NO) donor and/or NO substrate, and, 
optionally, (c) a cyclooXygenase inhibitor, With the amount 
of the endothelin antagonist being equivalent to that needed 
to block 80% of the endothelin receptor, and the endothelin 
synthase inhibitors needed to loWer blood levels of endot 
helin by at least 20%, preferably 50%; the progestational 
agent per unit dosage being bioequivalent to 50—300 mg of 
injected progesterone; the estrogenic agent being bioequiva 
lent to about 1—2 mg/day of estrogen;, the amount of NO 
donor bioequivalent to that amount needed to raise NO at the 
target site by >20%, preferably 50%; the amount of NO 
substrate bioequivalent to 100—10,000 mg/day of 
L-arginine; and the amount of cyclooXygenase inhibitor 
bioequivalent to 10—2000 mg of aspirin. 

The present invention provides pharmaceutical composi 
tions and methods of treatment for menstrual disorders, eg 
dysmenorrhea, in a non-pregnant mammal, or preterm labor, 
imminent abortion, and/or preeclampsia in a pregnant 
mammal, preferably a human, Who is manifesting the symp 
toms thereof or Who is a high risk candidate for doing so, 
e.g., as determined by the progress of a present or previous 
pregnancy. In addition, the invention provides pharmaceu 
tical compositions and methods for treating atherosclerotic 
vascular disease, hypertension, and hormone replacement 
therapy (HRT) in a female mammal, preferably a human, 
and in the latter case, a female, Who is manifesting the 
symptoms thereof (atherosclerotic vascular disease or 
hypertension) or in need thereof (HRT). 

Because these abnormal conditions are produced or 
aggravated by supranormal levels of endothelin synthesis or 
activity, endothelin antagonists and/or endothelin synthase 
inhibitors are useful for ameliorating the symptoms thereof 
and, in one aspect of the method of this invention, a 
combination of both can be employed. In addition, since 
progestins and cyclooXygenase inhibitors, respectively, con 
trol the synthesis, metabolism or activity of endothelin, a 
combination of one or more of these compounds With one or 
more of an endothelin antagonist and/or endothelin synthase 
inhibitor Will be particularly useful for the above abnormal 
conditions. Still further, for the treatment of atherosclerotic 
vascular disease and hypertension, a combination of one or 
more of an endothelin antagonist and/or endothelin synthase 
inhibitor With a progestin (in the case of males) or an 
estrogen or a combination of an estrogen and a progestin (in 
the case of females) is particularly useful; the latter combi 
nations are also useful for female hormone replacement 
therapy. In the latter cases, the combination of an endothelin 
antagonist in combination With a progestin has surprisingly 
provided synergistic effects. Still further combinations can 
include NO donors and/or NO substrates, Which increase the 
amount of nitric oXide, thereby inducing vascular relaxation, 
and Which can replace the steroid hormones. 

Thus, the method and pharmaceutical composition 
aspects of this invention employ (a) an endothelin antagonist 
(e.g., BQ-123, PD 142 893, Ro 46-2005, BMS 182874, SB 
209670, bosentan) and/or an endothelin synthase inhibitor 
(e.g., phosphoramidon or SO 28 608) and optionally (in the 
case of menstrual disorders, preterm labor, preeclampsia or 
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fetal growth retardation) (b) one or more of a progestin (e.g., 
progesterone, levonorgestrel, desogestrel, gestodene), a 
cyclooxygenase inhibitor (e.g., aspirin, indomethacin), an 
NO donor (e.g., nitroglycerin, sodium nitroprusside, SIN-1, 
isosorbid mono- or dinitrate) and/or an NO substrate (e.g., 
L-arginine). In the case of treating atherosclerotic vascular 
disease, hypertension and for hormone replacement therapy, 
components (a) and (c) are employed, Wherein (c) is a 
progestin, (or, When a female is being treated, an estrogen or 
a combination of a progestin and an estrogen), and/or a nitric 
oxide donor and/or a nitric oxide substrate, and, optionally, 
a cyclooxygenase inhibitor. In particular, cobminations of an 
endothelin antagonist With and NO donor or NO substrate 
are preferred. 

Examples of combinations of active agents Which can be 
administered concurrently With an endothelin antagonist 
and/or endothelin synthase inhibitor are a progestin 
(progesterone) and/or a cyclooxygenase inhibitor (aspirin), 
and/or an NO donor (nitroglycerin) or substrate 
(L-arginine). 

Endothelin antagonists and endothelin synthase inhibi 
tors: Examples of dosage ranges of typical endothelin 
antagonists and endothelin synthase inhibitors are: 

Endothelin Antagonist Dosage, mg/day/50 kg Dosage, mg/kg 

BQ-123 1-2000, s.c. 1-40, s.c., i.m., i.v. 
PD 142 893 Dose effective to 

block 50% of receptors 
Ro 46-2005 50-5000, p.o. 0.1-100, p.o. 
SB 209670 1-100, p.o. 0.01-20, p.o. 
BMS 182874 1-100, p.o. 0.01-20, p.o. 
bosentan 1-100, p.o. 0.01-20, p.o. 

Endothelin Synthase 
Inhibitor Dosage 

phosphoramidon Dose effective to reduce 
SO 28 608 endothelin levels by > 20% 

The folloWing are typical oral dosage ranges, active 
agents of the progestin and the optional other active agents 
concurrently administered With the endothelin antagonist 
and/or endothelin synthase inhibitor: 

Progestins: A daily dose bioequivalent to 50-300 mg of 
progesterone/day, e.g., an injectable suspension of medrox 
yprogesterone acetate to provide a Weekly dose thereof of 
100-1000 mg; tablets or dragees providing an oral dose 
thereof of 5-10 mg/day; an injectable solution of hydrox 
yprogesterone caproate Which provides a Weekly dose of 
250-500 mg; tablets, capsules or dragees of norethindrone 
acetate Which provide a daily dose of 5-20 mg. 

Daily doses of progestogens taken for 12 days/month in 
patients receiving oral or transdermal estrogens: 

Progestin Dosage 

Noresthisterone 0.7-2.5 mg/day 
Medroxyprogesterone acetate 10 mg/day 
Norgestrel 150 ,ug/day 
Dydrogesterone 10-20 mg/day 

Estrogens and estrogens plus progestins: Estrogens and 
estrogens plus progestins can be administered at dosages 
typically used for contraception and hormone replacement 
therapy. Examples of suitable estrogens and dosages thereof 
include a daily dose bioequivalent to about 1-2 mg/day of 
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10 
estrogen, e.g., Prermarin®, Wyeth-Ayerst, 0.625 mg/day; 
estradiol valerate, 50 pig/day transdermally; vaginal estadiol 
creams, 1.25 mg/day; and vaginal estradiol rings, 0.2 
mg/day, as Well as the naturally occurring estrogens used in 
hormone replacement therapy currently available, e.g., in the 
UK. 

Examples of estrogens and estrogen plus progestin com 
binations include: 

Product Composition Dase, mg/day 

Climoval ® (Sandoz) Estradiol valerate 1 or 2 
Progynova ® Estradiol valerate 1 or 2 
Harmogen ® (Abbott) Piperazine estrone sulfate 1.5 or 2.5 
Hormonin ® (Shire) Estradiol + estrone + estriol 0.6 
Premarin ® Conjugated equine estrogens 0.625, 1.25 or 2.5 

Commercially available combination calender packs for 
hormone replacement therapy include “Estrapak”, 
“Prempak-C”, “Trisequens”, “Trisequens forte” and “Cyclo 
progynova”. The folloWing are illustrative compositions of 
such products: 

Estradiol 50 mg/day (28 days, 8 patches) 
Conjugated equine estrogens 0.0625 mg/day (28 days) 
Estradiol valerate 2 mg/day (11 days) 
Estradiol valerate 2 mg/day 
Norgestrel 0.5 mg/day (10 days) 
Norgestrel 0.15 mg/day (12 days) 
Conjugated equine estrogens 1.25 mg/day (28 days) 
Norgestrel 0.15 mg/day (12 days) 
Estradiol 2 mg/day+estriol 1 mg/day (22 days) 
Norethisterone acetate 1 mg/day (10 days) 
Estradiol 1 mg/day+estriol 0.5 mg/day (6 days) 
Estradiol 4 mg/day+estriol 1 mg/day (21 days) 
Norethisterone acetate 1 mg/day (10 days) 
Estradiol 1 mg/day+estriol 0.5 mg/day (6 days) 
Estradiol valerate 1 mg/day (21 days) 
Levonorgestrel 0.25 mg/day (10 days) 
Estradiol valerate 2 mg/day (21 days) 
Levonorgestrel 0.5 mg/day (10 days) 

Cyclooxygenase Inhibitors: Aspirin can be used at a 
dosage of 10-2000 mg/kg/day p.o. Other suitable cyclooxy 
genase inhibitors include both COX-1 and COX-2 

inhibitors, including, e.g., indomethacin; and 
dexamethasone, 6-(2,3-di?uorophenoxy)-5 
methylsulfonylamino-1-indanone (ZK 38.997, CGP 28 238 
or Flosulide), 5-methylsulfonylamino-6-phenoxy-1 
indanone (CGP 28 237), an dvarious 1,2 
diarylcyclopentenes (e.g., as disclosed in ReitZ et al., 1994) 
(COX-2 inhibitors). Each of these can be administered in 
conventional, or loWer, dosages. In particular, preferred 
cyclooxygenase inhibitors are those Which are speci?c 
COX-2 inhibitors, such as those disclosed in Bottcher et al., 
Wiesenberg-Bottcher, ReitZ et al., Zimmerli et al., and 
Mitchell et al. 

Nitric oxide donors and/or substrates: Suitable nitric 
oxide donors and substrates can be selected from the Well 
knoWn anti-angina agents; see, e.g., “Nitrates and other 
Anti-angina Agents” in Martindale: The Extra 
Pharmacopoeia, (1993); exemplary agents and suitable dos 
ages for each, are listed beloW: 
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Dosage 

Nitric Acid Donor 

Nitroglycerin 2.5 mg twice daily p.o. 
0.8 mg 1-4 times daily, sublingual 
0.2-0.4 mg/hr transdermal patch 
500-2000 ,ug/kg/day 

Dosage effective to raise NO at 
target site > 20% 

Sodium nitroprusside 

SIN-1 
Isosorbid mono- or dinitrate 

Nitric Acid Substitute 

L-arginine 100—10,000 mg/day i.m., i.v., p.o. 

The pharmacologically active agents employed in this 
invention can be administered in admixture with conven 
tional excipients, i.e., pharmaceutically acceptable liquid, 
semi-liquid or solid organic or inorganic carriers suitable, 
e.g., for parenteral or enteral application and which do not 
deleteriously react with the active compound in admixture 
therewith. Suitable carriers include but are not limited to 

water, salt solutions, alcohols, vegetable oils, polyethylene 
glycols, gelatin, lactose, amylose, magnesium stearate, talc, 
silicic acid, viscous paraf?n, perfume oil, fatty acid 
monoglycerides and diglycerides, pentaerythritol fatty acid 
esters, hydroxymethyl cellulose, polyvinyl pyrrolidone, etc. 
The pharmaceutical preparations can be sterilized and if 
desired mixed with auxiliary agents, e.g., lubricants, 
preservatives, stabilizers, wetting agents, emulsi?ers, salts 
for in?uencing osmotic pressure, buffers, coloring, ?avoring 
and/or aromatic substances and the like which do not 
deleteriously react with the active compounds. 

For parenteral application, particularly suitable are 
solutions, preferably oily or aqueous solutions, as well as 
suspensions, emulsions, or implants, including supposito 
ries. Ampoules are convenient unit dosages. 

In a preferred aspect, the composition of this invention is 
adapted for oral ingestion. For enteral application, particu 
larly suitable are unit dosage forms, e.g., tablets, dragees or 
capsules having talc and/or a carbohydrate carrier or binder 
or the like, the carrier preferably being lactose and/or corn 
starch and/or potato starch; particulate solids, e.g., granules; 
and liquids and semi-liquids, e.g., syrups and elixirs or the 
like, wherein a sweetened vehicle is employed. Sustained 
release compositions can be formulated including those 
wherein the active compound is protected with differentially 
degradable coatings, e.g., by microencapsulation, multiple 
coatings, etc. 

Suitable for oral administration are, inter alia, tablets, 
dragees, capsules, pills, granules, suspensions and solutions. 
Each unit dose, e. g., each tablespoon of liquid or each tablet, 
or dragee contains, for example, 5—5000 mg of each active 
agent. Solutions for parenteral administration contain, for 
example, 0.1—1% of each active agent in an aqueous or 
alcoholic solution. 

The endothelin antagonist and/or endothelin synthase 
inhibitor can be administered as an admixture with the 
progestational agent and any other optional active agent or 
as a separate unit dosage form, either simultaneously there 
with or at different times during the day from each other. 

RESULTS 

FIG. 1 demonstrates for the ?rst time the ef?cacy of an 
endothelin antagonist in the treatment (prevention) of pre 
term birth. The LPS-dose used in this study (600 p/animal) 
was very high, while is consistently induced 100% abortion 
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12 
in both mid-pregnant (day 42—43 p.c.) and late-pregnant 
(day 60 p.c.) guinea pigs in previous studies. This explains 
why the effects of BQ-123 were only partial. 

Preterm birth associated with intrauterine infection is very 
resistant to conventional treatments ([3-mimetics, 
antibiotics), and there is no effective therapy for treatment of 
preterm birth associated with intrauterine infection to date. 
This study indicates that endothelin antagonists or endothe 
lin synthase inhibitors can be used for prevention and/or 
treatment of preterm birth, in particular preterm birth asso 
ciated with intrauterine infection. In non-pregnant women, 
dysmenorrhea is also associated with an increased uterine 
activity. These results indicate that endothelin antagonists 
and/or endothelin synthase inhibitors may be effective in the 
treatment of uterine contractility in non-pregnant women. 
The results shown in FIGS. 2 and 3 show that BQ-123 

effectively reduces the blood pressure and fetal weights in 
pregnant preeclamptic rats (L-NAME-treated). This is the 
?rst demonstration of a reversibility of preeclampsia symp 
toms (BP and fetal growth retardation) with an endothelin 
antagonist. It can be concluded from these studies that 
endothelin antagonists and/or endothelin synthase inhibitors 
will be useful for the treatment of preeclampsia or other 
forms of fetal growth retardation (e.g., renal disease, pla 
cental hypoperfusion). 
The BP-lowering effect of BQ-123 is greatly attenuated 

postpartum where progesterone levels drop, so that preg 
nancy (progesterone) is essential for its effectiveness. This 
observation indicates that an endothelin antagonist acts 
synergistically with progesterone. 
The method of treatment employed in this invention can 

also be employed for the treatment of hypertension in both 
females (in combination with estrogen and/or progestin) and 
males (in combination with progestin), hormone replace 
ment therapy for climacteric disorders (hot ?ushes, mood 
swings) in peri- and post-menopausal women (in combina 
tion with estrogen or estrogen and progestin), atherosclerotic 
vascular disease in females (in combination with estrogen 
and/or progestin) and males (in combination with progestin), 
thrombotic disorders, and hemorrhage, etc., following the 
dosage regimen described herein. 

Screening tests for compounds and compositions having 
effectiveness for treating preeclampsia, gestational hyper 
tension and fetal growth retardation can be conducted essen 
tially as described in C. Yallampalli et al., (1993). This 
method involves administration of varying amounts of 
L-nitro-arginine methyl ester (L-NAME), a nitric oxide 
synthesis inhibitor, to pregnant rats. For example, lower 
amounts (10—25 mg/day/rat) of L-NAME induce only ges 
tational hypertension, while higher amounts (50 mg/day/rat) 
also induced preeclampsia and/or fetal growth retardation. 

Screening tests for compounds and compositions having 
effectiveness for treating preeclampsia and preterm birth can 
be conducted essentially as described in Bukowski et al., 
(1993); and Gar?eld et al., (1994). This methods include 
administration of varying amounts of L-nitro-arginine 
methyl ester (L-NAME), a nitric oxide synthesis inhibitor, to 
pregnant guinea pigs. For example, lower amounts (lower 
than 10 mg/day/animal) of L-NAME induce only preec 
lampsia while higher amounts (10—25 mg/day/animal) also 
induced preterm labor. 

Other screening tests for compounds and compositions 
having effectiveness for such treatments, particularly pre 
term birth caused by bacterial infections, especially by 
Gram-negative bacteria, are disclosed in, e. g., Romero et al., 
(1992). This model uses lipopolysaccharide (LPS) induction 
of preterm labor in mice. 
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Without further elaboration, it is believed that one skilled 
in the art can, using the preceding description, utiliZe the 
present invention to its fullest extent. The following pre 
ferred speci?c embodiments are, therefore, to be construed 
as merely illustrative, and not limitative of the remainder of 
the disclosure in any Way Whatsoever. 

In the foregoing and in the folloWing examples, all 
temperatures are set forth uncorrected in degrees Celsius and 
unless otherWise indicated, all parts and percentages are by 
Weight. 

The entire disclosure of all applications, patents and 
publications, cited above and beloW, are hereby incorporated 
by reference. 

EXAMPLES 

Example 1 
Treatment of Preterm Labor 

To a pregnant human female (ca. 20 to 40 years; 60 to 80 
kg) usually in her second half of pregnancy and displaying 
the symptoms of preterm labor, including uterine 
contraction, administer an endothelin antagonist (e.g., 
BQ-123) at a dosage of 1—2000 mg/day, s.c., or BMS 
182874 at a dosage of 1—100 mg/kg, p.o., and optionally a 
progestin (e.g., 200 mg of microniZed progesterone p.o. 
daily), and/or a cyclooxygenase inhibitor (e.g., aspirin, at a 
dosage of 10—2000 mg/day) until the symptoms are ame 
liorated. 

Example 2 
Treatment of Preterm Labor 

To a pregnant human female comparable to the one 
described in Example 1, administer an endothelin synthase 
inhibitor (e.g., at a dosage effective to loWer endothelin 
levels by >20% as compared With normal levels) and, 
optionally a progestin (e.g., 200 mg of microniZed proges 
terone p.o. daily) or a cyclooxygenase inhibitor (e. g., aspirin 
at a dosage of 10—2000 mg, po.) to relieve the symptoms 
thereof. 

Example 3 
Treatment of Dysmenorrhea 

To a non-pregnant human female (ca. 20 to 50 years, 
60—80 kg) displaying the symptoms of dysmenorrhea or 
menstrual disorders, including painful uterine contractions, 
administer an endothelin antagonist (e.g., BQ-123 or BMS 
182874) and optionally a progestin (e.g., 200 mg of micron 
iZed progesterone p.o. daily) and/or a cyclooxygenase 
inhibitor (e.g., aspirin, at a dosage of 10—2000 mg/day) to 
ameliorate the symptoms thereof. 

Example 4 
Treatment of Dysmenorrhea 

To a non-pregnant female similar to the one in Example 
3, administer an endothelin synthase inhibitor (e.g., phos 
phoramidon or SQ 28 608 at a dosage effective to loWer 
endothelin levels by >20% as compared With normal levels) 
and optionally a progestin (e.g., 200 mg of microniZed 
progesterone per os daily) and/or a cyclooxygenase inhibitor 
(e.g., aspirin, 10—2000 mg/day, p.o.) to relieve the symp 
toms. 

Example 5 
Treatment of Preeclampsia 

To a pregnant human female (ca. 20 to 40 years 60 to 80 
kg) usually in her second half of pregnancy displaying the 
symptoms of preeclampsia, including high block pressure, 
fetal retardation and proteinuria, administer an endothelin 
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antagonist (e.g., BQ-123, 1—2000 mg/day, s.c.) and, option 
ally a progestin (e.g., 200 mg of microniZed progesterone 
per os daily) and/or a cyclooxygenase inhibitor (e. g., aspirin, 
10—2000 mg/day, p.o.) to ameliorate the symptoms. 

Example 6 
Treatment of Preeclampsia 

To a pregnant female comparable to the one in Example 
5, administer an endothelin synthase inhibitor and optionally 
a progestin and/or a cyclo-oxygenase inhibitor and/or a 
nitric oxide donor and/or nitric acid substrate to relieve the 
symptoms thereof, each as described above. 

Example 7 
Screening for Compounds having Effectiveness for Treating 
Preeclampsia. Gestational Hypertension and Fetal GroWth 
Retardation 

Induction of preeclampsia in pregnant rats or guinea pigs 
on about day 16 of gestation in rats and approximately day 
45 gestation in guinea pigs is effected With daily treatment 
With L-NAME. The L-NAME-treated animals are used to 
screen agents that loWer blood pressure and increase fetal 
survival and prevent fetal groWth retardation. 

Example 8 
Screening for Compounds having Effectiveness for Treating 
Preterm Labor 

Pregnant animals (rats or guinea pigs) are treated With an 
NO inhibitor (e.g., L-NAME), or an endothelin agonist (e. g., 
endothelin), With and Without an antiprogestin or LPS to 
induce preterm labor, folloWed by treatment With agents to 
be screened for their ability to prevent preterm labor. 

Example 9 
Treatment of Atherosclerotic Vascular Disease 
To human male or female (ca 45 years; 50—80 kg) 

displaying signs of cardiovascular disease, administer 1—100 
mg/day/50 kg BMS 182874 at a dose of 0.01—20 mg/kg p.o., 
in combination With a progestin (e.g., 5—20 mg norethin 
drone acetate). 

Example 10 
Treatment of Hypertension 
To human male or female (ca 45 years; 50—80 kg) 

displaying the signs of hypertension, administer 1—10 mg 
BMS 182874 p.o., in combination With a progestin (e.g., 
5—20 mg norethindrone acetate). 

Example 11 
Hormone Replacement Therapy 

To a non-pregnant human female (ca 45 years; 50—80 kg) 
displaying the signs of peri-menopause or postmenopausal 
symptoms administer 1—10 mg BMS 182874 p.o., in com 
bination With either an estrogen only hormone replacement 
therapy or an estrogen plus progestin hormone replacement 
therapy. 
The preceding examples can be repeated With similar 

success by substituting the generically or speci?cally 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 
From the foregoing description, one skilled in the art can 

easily ascertain the essential characteristics of this invention, 
and Without departing from the spirit and scope thereof, can 
make various changes and modi?cations of the invention to 
adapt it to various usages and conditions. 
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What is claimed is: 
1. A pharmaceutical composition comprising synergisti 

cally effective amounts of 
(a) an endothelin antagonist, an endothelin synthase 

inhibitor, or both, in combination With 
(b) at least one of a progestin, an estrogen, a combination 

of a progestin and an estrogen, a cyclooXygenase 
inhibitor, or a nitric oxide (NO) donor, an NO substrate, 
or both, 

together With a pharmaceutically acceptable eXcipient. 
2. A method of treating a menstrual disorder in a non 

pregnant female mammal, comprising administering to the 
female in need of such treatment an effective amount of a 
composition of claim 1. 

3. A method of claim 2, Wherein the female is a human 
suffering from dysmenorrhea. 

4. A method of claim 2, Wherein the female mammal is a 
human and (a) is an endothelin antagonist. 

5. A method of claim 4, Wherein the endothelin antagonist 
is BQ-123. 

6. A method of claim 2, Wherein the female mammal is a 
human and (a) is an endothelin synthase inhibitor. 

7. A method of claim 6, Wherein the endothelin synthase 
inhibitor is SQ 28 608. 

8. A method of claim 2, Wherein the female mammal is a 
human and (b) is a progestin. 

9. A method of claim 8, Wherein the progestin is proges 
terone. 

10. A method of claim 2, Wherein the female mammal is 
a human and (b) is an NO donor or NO substrate. 

11. A method of claim 10, Wherein the NO substrate is 
L-arginine. 

12. A method of claim 2, Wherein the endothelin antago 
nist is administered orally. 

13. A method of claim 2, Wherein the endothelin synthase 
inhibitor is administered orally. 

14. A method of treating preterm labor, preeclampsia or 
fetal groWth retardation in a pregnant female mammal, 
comprising administering to the female in need of such 
treatment an effective amount of a composition of claim 1. 

15. Amethod of claim 14, Wherein the female mammal is 
a human suffering from preterm labor. 

16. Amethod of claim 14, Wherein the female mammal is 
a human female suffering from preeclampsia or fetal groWth 
retardation. 

17. Amethod of claim 14, Wherein the female mammal is 
a human and (a) is an endothelin antagonist. 

18. A method of claim 11, Wherein the endothelin antago 
nist is BQ-123. 

19. Amethod of claim 14, Wherein the female mammal is 
a human and (a) is an endothelin synthase inhibitor. 

20. A method of claim 19, Wherein the endothelin syn 
thase inhibitor is SO 28 608. 

21. Amethod of claim 14, Wherein the female mammal is 
a human and (b) is a progestin. 

22. A method of claim 14, Wherein the progestin is 
progesterone. 

23. Amethod of claim 14, Wherein the female mammal is 
a human and (b) is an NO donor or NO substrate. 

24. A method of claim 23, Wherein the NO substrate is 
L-arginine. 

25. Amethod of claim 14, Wherein the endothelin antago 
nist is administered orally. 

26. A method of claim 14, Wherein the endothelin syn 
thase inhibitor is administered orally. 
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27. A composition of claim 1, Wherein (a) is an endothelin 

antagonist. 
28. A composition of claim 27, Wherein the endothelin 

antagonist is BQ-123. 
29. A composition of claim 1, Wherein (a) is an endothelin 

synthase inhibitor. 
30. A composition of claim 29, Wherein the endothelin 

synthase inhibitor is SO 28 608. 
31. A composition of claim 1, Wherein the progestin is 

progesterone. 
32. A composition of claim 31, Wherein the cyclooXyge 

nase inhibitor is aspirin. 
33. Apharmaceutical composition of claim 1, comprising 
(a) an endothelin antagonist, an endothelin synthase 

inhibitor, or both, and 
(b) a progestin, an estrogen, or a combination of an 

estrogen and a progestin, or 

(c) a nitric oXide donor, a nitric oXide substrate, or both, 
or both (b) and (c), 

and, optionally, a cyclooXygenase inhibitor, together With 
a pharmaceutically acceptable eXcipient. 

34. A method of treating atherosclerotic vascular disease 
or hypertension in a male or female mammal, comprising 
administering to the mammal in need of such treatment an 
effective amount of a composition of claim 33, Wherein, 
When the mammal is male, component (b) does not include 
an estrogen. 

35. A method of claim 34, Wherein the mammal is a 
human female suffering from hypertension, and (b) is an 
estrogen or a combination of an estrogen and a progestin. 

36. A method of claim 34, Wherein the mammal is a 
human male suffering from hypertension, and (b) is a 
progestin. 

37. A method of claim 34, Wherein the mammal is a 
human and (a) is an endothelin antagonist. 

38. Amethod of claim 37, Wherein the endothelin antago 
nist is BQ-123. 

39. A method of claim 34, Wherein the mammal is a 
human and (a) is an endothelin synthase inhibitor. 

40. A method of claim 39, Wherein the endothelin syn 
thase inhibitor is SO 28 608. 

41. A method of claim 34, Wherein the mammal is a 
human female suffering from atherosclerotic vascular dis 
ease and (b) is an estrogen or a combination of an estrogen 
and a progestin. 

42. A method of claim 34, Wherein the mammal is a 
human male suffering from atherosclerotic vascular disease 
and (b) is a progestin. 

43. A method of claim 34, Wherein the mammal is a 
human and the composition includes a nitric oXide donor 
and/or nitric oXide substrate. 

44. A method of claim 34, Wherein the progestin is 
progesterone. 

45. A method of claim 34, Wherein the nitric oXide donor 
and/or nitric oXide substrate are nitroglycerin and 
L-arginine, respectively. 

46. Amethod of claim 34, Wherein the endothelin antago 
nist is administered orally. 

47. A method of claim 34, Wherein the endothelin syn 
thase inhibitor is administered orally. 

48. A method of providing hormone replacement therapy 
in a female mammal, comprising administering to the 
female in need of such treatment an effective amount of a 
composition of claim 33. 

49. A method of claim 48, Wherein the female mammal is 
a human female, and (b) is a progestin or a combination of 
an estrogen and a progestin. 
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50. Amethod of claim 48, wherein the female mammal is 
a human and (a) is an endothelin antagonist. 

51. Amethod of claim 39, Wherein the endothelin antago 
nist is BQ-123. 

52. Amethod of claim 48, Wherein the female mammal is 
a human and (a) is an endothelin synthase inhibitor. 

53. A method of claim 52, Wherein the endothelin syn 
thase inhibitor is SQ 28 608. 

54. Amethod of claim 48, Wherein the female mammal is 
a human and the composition includes a nitric oxide donor 
and/or nitric oXide substrate. 

55. A method of claim 48, Wherein the progestin is 
progesterone. 

56. A method of claim 48, Wherein the nitric oXide donor 
and/or nitric oXide substrate are nitroglycerin and 
L-arginine, respectively. 

57. Amethod of claim 48, Wherein the endothelin antago 
nist is administered orally. 
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58. A method of claim 48, Wherein the endothelin syn 

thase inhibitor is administered orally. 
59. A composition of claim 53, Wherein (a) is an endot 

helin antagonist. 
60. A composition of claim 59, Wherein the endothelin 

antagonist is BQ-123. 
61. A composition of claim 59, Wherein (a) is an endot 

helin synthase inhibitor. 
62. A composition of claim 61, Wherein the endothelin 

synthase inhibitor is SQ 28 608. 
63. A composition of claim 33, Wherein the progestin is 

progesterone. 
64. A composition of claim 33, Wherein the nitric oXide 

donor and/or nitric oXide substrate are nitroglycerin and 
L-arginine, respectively. 

* * * * * 


